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Because of differences in case-mix across states, state-level
case-mix-adjusted end-stage renal disease (ESRD) incident
rates are reported in each United States Renal Data
System Annual Data Report to make the across-state
comparisons valid. The adjusted rates were estimated by
the direct adjustment method, a widely used method for
adjusted event rate calculation, based on observed
category-specific ESRD incident rates in each state (called the
observation-based method). However, when some adjusting
categories in a state are small, the adjusted rate and the
standard error for this state as estimated by this method
may be inaccurate. This report proposes a model-based
method that can overcome the disadvantages of the
observation-based method and can be extended to
continuous adjusting variables. National ESRD incident data
and national population data from 1990 to 1999 were used.
State-level adjusted ESRD incident rates were estimated by
both the observation- and the model-based methods. For the
model-based method, a Poisson regression model was
used to estimate category-specific ESRD incident rates. For
large-population states, both observation- and model-based
methods produced similar estimates for adjusted ESRD
incident rates. For small-population states, however, the
observation-based method produced year-to-year estimates
of adjusted ESRD incident rates that varied considerably
and also had very large standard errors. In contrast, the
model-based method produced stable estimates. The
model-based method can overcome the disadvantages of
the observation-based method for estimating state-level
adjusted ESRD incident rates, especially for small states.
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To compare geographic differences in end-stage renal disease
(ESRD) incidence, state-level ESRD incident rates were
designated to be reported in each United States Renal Data
System Annual Data Report. As population demographic
profiles for age, race, and gender vary considerably from one
state to another, and these are important factors for ESRD
incidence, the differences in observed ESRD incident rates
across states may be confounded by demographic differences.
Therefore, ESRD incident rates adjusted for age, race, and
gender are reported in each United States Renal Data System
Annual Data Report.1–4 When comparing rates adjusted for
these factors, any remaining differences among the states
cannot be attributed to these confounding factors. Adjusted
event rate comparisons are frequently attempted in medical
outcomes research.5–7
In epidemiology, there are two main techniques for
calculating adjusted event rates, the direct and indirect
methods, but only the direct method allows the rates to
be comparable.8,9 Indirect adjusted rates are usually used as
a standard to compare with observed rates, such as in the
standardized incident ratio7 and the standardized mortality
ratio.10 The direct method was used for estimating state-
level adjusted ESRD incident rates in the United States
Renal Data System Annual Data Reports based on observed
category-specific incident rates. (In this report, the term
‘category-specific rate’ refers to the event rate for a category
within a state, unless specified otherwise.) We call this
method the observation-based direct adjustment method, or
simply the observation-based method. When some adjusting
categories in a state are small, the observed category-specific
incident rates are not accurate estimates of the true rates;
therefore, the adjusted rate for this state may not be
accurate either. The corresponding standard errors are
usually inaccurate, too. When a state has empty categories
or when continuous adjusting variables are used, the
observation-based method cannot even be used. In this
report, we propose a model-based adjustment method, and
we show that the proposed method can overcome the
disadvantages of the observation-based method for estima-
ting state-level adjusted ESRD incident rates using the
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1990–1999 ESRD incident data and adjusting for age, race,
and gender.
RESULTS
For ease of presentation, we selected six large-population
states (California, Florida, Illinois, New York, Pennsylvania,
and Texas) and six small-population states (Maine, Montana,
North Dakota, South Dakota, Vermont, and Wyoming) to
illustrate the difference in results derived from the observa-
tion-based method and the proposed model-based method.
Table 1 displays the state-level observed and adjusted
ESRD incident rates from 1990 to 1999 for the selected states
and the standard errors of adjusted incident rates. The
adjusted rates were estimated using the observation-based
method, adjusting for age, race, and gender, with the 1999
national population as the reference. Table 2 shows the
adjusted incident rates estimated using the model-based
method and the bootstrap standard errors for the selected
states. In large-population states, the adjusted rate estimates
derived from the two methods were almost identical. Their
standard errors were also similar but somewhat larger with
the model-based method (bootstrapping usually produces
larger standard errors than parametric methods because it
incorporates all kinds of variation in the data; parametric
methods may underestimate standard errors). In general,
a gradual increase in adjusted incident rates was seen over
time, similar to the observed incident rates, and the standard
errors were small. In states with small populations, although
the increase in observed incident rates was similar, the
adjusted incident rates estimated with the observation-based
method oscillated considerably from year to year and
standard error estimates were much larger. In contrast,
the model-based method showed the adjusted incident
rates increasing similarly from year to year with no large
Table 1 | Observation-based-method: state-level observed and adjusted ESRD incident rates (per million population) and
standard errors of adjusted rates from 1990 to 1999 for selected states
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Observed incident rate
California 180 196 198 207 236 239 246 271 294 300
Florida 223 249 270 267 283 297 325 334 339 339
Illinois 199 232 235 263 287 289 293 314 330 311
New York 187 200 223 233 273 266 288 310 321 335
Pennsylvania 218 228 244 234 298 299 313 341 345 356
Texas 198 214 237 237 255 254 274 290 307 321
Maine 119 111 123 132 160 181 169 211 207 192
Montana 145 176 151 175 172 185 168 165 186 227
North Dakota 151 159 194 198 238 179 212 217 209 215
South Dakota 128 140 159 180 195 253 264 265 270 297
Vermont 117 153 116 127 147 175 169 187 200 199
Wyoming 75 94 93 109 88 138 135 142 142 183
Adjusted incident rate
California 221 240 239 246 279 280 285 313 337 336
Florida 201 221 239 236 244 257 288 277 282 277
Illinois 200 231 238 260 284 284 287 307 321 302
New York 176 189 209 216 250 241 262 281 287 297
Pennsylvania 219 225 240 230 297 294 302 321 322 334
Texas 230 251 275 275 294 290 312 328 358 358
Maine 141 151 398 145 429 390 335 248 288 207
Montana 319 324 164 200 325 381 150 146 235 358
North Dakota 143 149 187 1122 475 517 193 336 189 188
South Dakota 377 479 360 162 196 241 283 382 395 254
Vermont 212 614 218 320 133 459 261 304 318 207
Wyoming 129 298 139 196 144 188 239 217 208 247
Standard error
California 3.2 3.3 3.2 3.3 3.4 3.4 3.4 3.5 3.6 3.6
Florida 4 4.2 4.3 4.2 4.1 4.2 4.4 4.1 4.1 4
Illinois 4.3 4.6 4.6 4.8 4.9 4.9 4.9 5 5.1 5
New York 3.1 3.2 3.3 3.4 3.6 3.5 3.7 3.8 3.8 3.9
Pennsylvania 4.8 4.7 4.8 4.6 5.4 5.2 5.2 5.2 5.2 5.3
Texas 4.1 4.2 4.3 4.3 4.4 4.3 4.4 4.4 4.7 4.5
Maine 39.9 39.8 146.7 30.3 117.5 105.7 101.3 36.7 63.8 38.9
Montana 188.5 127.5 29.5 44.8 95.1 152.5 12.5 12.3 56.1 120.4
North Dakota 15.3 15.5 17.6 662.2 211 260.4 17 139.5 16.9 16.5
South Dakota 265.2 292.4 218 14.4 26 25.4 46.9 115.9 85.3 17.4
Vermont 80.3 267.7 112.5 191.9 14.5 155.6 70.9 101.9 94.6 31.8
Wyoming 55.8 118.8 43.5 65 42.1 48.7 69.8 69.3 53.5 51.3
ESRD, end-stage renal disease.
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oscillations of rates and standard errors much smaller than
those from the observation-based method. Figures 1 and 2
illustrate how much the estimates were improved by the
model-based method.
DISCUSSION
The observation-based method is straightforward, but it may
produce imprecise estimates for adjusted rates in smaller
states. Examining the population size in each category in
small-population states, we can discover why the observa-
tion-based method cannot work well for those states. In the
small states, there were many categories in which the number
of people was much smaller than the average number of
people per incident in the United States. In each of those
categories, there was either no incident or only one incident.
Having no incidents in a category led to an observed incident
rate of 0, which was much smaller than the national incident
rate for that category. Having one incident in a category
caused an observed incident rate much larger than the
national incident rate for that category. Therefore, for small-
population states, it is not surprising that the weighted
average of the observed category-specific rates yielded an
extreme number (very large or close to 0). However, the
model-based method may be a useful alternative that can
produce more accurate estimates for state-level adjusted
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Figure 1 | Adjusted ESRD incident rates from the observation-
based method for six selected states (two large population, four
small population).
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Figure 2 | Adjusted ESRD incident rates from the model-based
method for the six selected states in Figure 1.
Table 2 | Model-based-method: state-level, adjusted ESRD incident rates (per million population) and their bootstrap standard
errors
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Adjusted incident rate
California 222 241 240 247 280 281 286 315 338 337
Florida 201 222 240 237 245 258 285 279 284 280
Illinois 201 234 252 262 287 286 290 309 323 304
New York 179 192 210 219 253 244 265 284 289 300
Pennsylvania 221 228 244 231 299 297 304 323 325 335
Texas 231 253 277 276 297 293 314 330 360 360
Maine 157 146 163 167 215 246 222 260 261 232
Montana 190 241 208 256 258 298 225 200 245 268
North Dakota 190 201 240 257 305 229 261 260 245 251
South Dakota 151 169 188 222 239 308 313 308 303 336
Vermont 166 218 167 173 215 258 240 249 271 258
Wyoming 100 127 125 143 120 183 172 177 174 217
Bootstrap standard error
California 4.7 4.7 4.4 4.7 5.2 4.9 5 5.1 4.9 4.9
Florida 5.6 6 5.7 5.8 5.6 5.8 6.2 5.4 6.1 5.8
Illinois 5.7 6.2 7.2 7.3 7.3 7 6.6 6.9 7.4 7.1
New York 4.7 4.6 5 5.2 5 4.7 5.3 6.1 5.1 5
Pennsylvania 7.2 7.2 7.3 7.1 8 7.6 7 7.5 7.6 7.5
Texas 6 5.9 6 6.1 6.5 6 5.9 6.6 6.1 6.4
Maine 18 19.5 18.8 19.2 24.3 24.7 22.3 23.9 22.6 20.3
Montana 26 34.3 29.1 34.1 33.2 35.5 27.4 25.7 29.8 27.9
North Dakota 26.6 29.8 31.6 30.6 31.8 28.1 33.7 30.9 30.8 32.6
South Dakota 22.8 27.3 26.6 25.8 29.7 31.8 32.8 34.8 33.8 30.9
Vermont 29.9 36.4 32.3 29.5 36 39.1 32.9 36 35.1 34.2
Wyoming 26.3 28.5 29.1 29 29.2 30.5 31.3 30.5 31.8 31.3
ESRD, end-stage renal disease.
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ESRD incident rates for small states. The model-based
method can also be extended to continuous adjusting
variables, and applied to adjusted-rate estimation for other
events.
In adjusted event rate estimation, the size of the categories
and the nature of the adjusting variables should be examined
before applying an adjustment method. If categories in some
groups are small (the groups in this report are states), or
if some adjusting variables are intrinsically continuous, the
model-based method should be considered. Whether a small
category is a problem when applying the observation-based
method depends on the reference population being used. If
a group has some small categories and the corresponding
categories in the reference population are also very small, the
observation-based method may still work well because the
inaccurate estimates of category-specific rates are given very
small weights. However, if a small category corresponds to a
relatively large category in the reference population and thus
is given moderate or even large weight, the observation-based
method will result in an imprecise estimate and the use of the
model-based method may be more prudent.
Similarly, when a category in a group is empty,
the category-specific incident rate is missing; therefore, the
observation-based method cannot be applied and the
adjusted rate cannot be estimated for that group. If
the assumption that the model also works for the empty
categories is valid, the category-specific rates can be
estimated from the model by extrapolation.
The primary limitation of the model-based method is
the difficulty of finding an adequate statistical model that
can predict category-specific rates well for each group. This
challenge includes all aspects of model finding, model fit,
etc, and encompasses almost all problems associated with
the method’s use. Use of the model-based method therefore
requires an experienced statistician. Another disadvantage of
the model-based adjustment method is that it has no closed
form for the standard error of the resulting adjusted rate.
A parametric or nonparametric bootstrap method can be
used.11 Although it is computation-intensive with large data
sets, a bootstrap method can provide robust estimates for
standard errors.
The model-based method can overcome the disadvantages
of the observation-based method and should be considered
when small categories exist or continuous adjusting variables
are present.
MATERIALS AND METHODS
Adjustment methods
The direct adjustment method requires a reference population and
adjusting variables in order to compare ESRD incident rates over
states after removing the difference caused by population demo-
graphic variation. It also requires rates recorded in all possible
categories defined by the adjusting variables in all states. For
example, with gender (two gender groups) and race (five race
groups) as adjusting variables, incident rates would be required in
each of the 10 (2 5) categories in each state. Moreover, the
reference population must have the same categories that the states
have, and the values and the interpretation of adjusted rates are
reference-dependent. For the state-level adjusted ESRD incident
rates estimation in this report, the reference population is the 1999
national population and the adjusting variables are age, race, and
gender.
With a given reference population and categories defined by
adjusting variables, the direct adjusted ESRD rate in each state is
derived by applying the category-specific rates in the state to the
reference population. This weighted average of category-specific
rates, with weights taken from the reference population, provides
a single summary rate for each state, reflecting the expected ESRD
rate if the population distribution in the state were identical to
the reference population in terms of age, race, and gender. The
comparison is thus valid, and any differences in adjusted rates
cannot be attributed to age, race, or gender. In the observation-
based method, the category-specific rate is estimated by dividing the
ESRD incident count by the population size in the category and
multiplying by 1 000 000 (the unit is per million). The standard
errors for the estimates of adjusted rates can be calculated under
the assumption of Poisson or Binomial distribution for the event
count.12
The observation-based method is straightforward, but it uses
only the information of the category within the state when
estimating category-specific rates. If a state has a small population,
some category-specific rate estimates may be inaccurate, possibly
resulting in the final adjusted rate for this state being inaccurate as
well, and often accompanied by an unreasonably large or small
standard error. In addition, the method can accommodate only
categorical adjusting variables; intrinsically interval variables, such
as age, cannot be analyzed as such, and must be converted into
categories.
We propose a model-based adjustment method in which a
statistical model is used to estimate more accurate category-specific
ESRD incident rates (called model-predicted rates) for each state,
then calculate adjusted rates using the direct method based on
model-predicted, category-specific rates with a given reference. We
call this method the model-based direct adjustment method, or
simply the model-based method. An observed category-specific rate
contains only information from the category in the state. In
contrast, a model-predicted, category-specific rate can include
information from the category in the state and information
borrowed from other categories in the same state and the same
category in different states. If the model fits the data well, model-
predicted, category-specific rates will be accurate and will lead
to accurate estimates for adjusted ESRD incident rates.
The model-based method can also be extended to continuous
adjusting variables. If there are continuous adjusting variables,
individual-level predicted event counts for each state can be
calculated from the model for the reference population (assuming
the state population is the same as the reference population in terms
of age, race, and gender). The event rate calculated based on the
predicted individual-level event counts will be the estimate of the
adjusted event rate for this state. Many models, such as the logistic
regression model, the Poisson regression model, and the Cox
proportional hazards regression model, can be used to estimate
category-specific event rates or individual-level event counts. For
this report, we used a Poisson regression model to estimate
category-specific ESRD incident rates.
For the model-based method, there is no closed form for
the standard error of the resulting adjusted rate. A parametric or
nonparametric bootstrap method can be used.11
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ESRD incident data
This report used 1990–1999 ESRD incident data and 1990–1999
national population data. The ESRD incident data are from the
Renal Beneficiary and Utilization System database of the Centers
for Medicare & Medicaid Services, which contains demographic,
diagnosis, and treatment history information for all ESRD patients.
The 1991–1999 national population was estimated by the United
States Census Bureau based on the 1990 census and dynamic
information such as birth, death, and immigration rates for each year.
Model for estimating category-specific ESRD incident rates
To estimate category-specific incident rates, we used a Poisson
regression model, with ESRD incidence count as the dependent
variable, logarithm of population size as offset, and the following as
exploratory variables: main effects of age, race, gender, and state; all
two-way interactions of age, race, gender, and ESRD network; and the
three-way interaction of age, race, and gender. For comparability,
categorical age groups were used, although the model-based method
can handle continuous adjusting variables. In the model, age had 18
groups (every 5 years up to age 84; and X85) as a main effect, and
five groups (o20, 20–44, 45–64, 65–74, and X75) in interactions.
Race had five groups (white, black, Native American, Asian, and
other). ESRD network, typically groups of states,13 replaced state in
interactions (networks 17 and 18, which include northern and
southern California, respectively, were combined in this report). In
the observation-based method, age had 18 groups and race had five
groups. Model fit was checked; this model fit the data very well.
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